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Abstract
In this article, we assign the Ωc(3000), Ωc(3050), Ωc(3066), Ωc(3090) and Ωc(3119)
to be the P-wave baryon states with JP = 1
2
−
, 1
2
−
, 3
2
−
, 3
2
−
and 5
2
−
, respectively,
and study them with the QCD sum rules by introducing an explicit relative P-wave
between the two s quarks. The predictions support assigning the Ωc(3050), Ωc(3066),
Ωc(3090) and Ωc(3119) to be the P-wave baryon states with J
P = 1
2
−
, 3
2
−
, 3
2
−
and
5
2
−
, respectively, where the two s quarks are in relative P-wave; while the Ωc(3000)
can be assigned to the P-wave baryon state with JP = 1
2
−
, where the two s quarks
are in relative S-wave.
PACS number: 14.20.Lq
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1 Introduction
In the past years, several new charmed baryon states have been observed, and the spec-
troscopy of the charmed baryon states have re-attracted much attentions [1], the QCD
sum rules plays an important roles in assigning those new baryon states. The masses of
the heavy baryon states with JP = 12
±
, 32
±
, 52
±
have been studied with the full QCD sum
rules [2, 3, 4, 5] or the QCD sum rules combined with the heavy quark effective theory [6].
Recently, the LHCb collaboration studied the Ξ+c K
− mass spectrum with a sample
of pp collision data corresponding to an integrated luminosity of 3.3fb−1 collected by the
LHCb experiment, and observed five new narrow excited Ω0c states, Ωc(3000), Ωc(3050),
Ωc(3066), Ωc(3090), Ωc(3119) [7]. The measured masses and widths are
Ωc(3000) :M = 3000.4 ± 0.2 ± 0.1 MeV , Γ = 4.5± 0.6± 0.3 MeV ,
Ωc(3050) :M = 3050.2 ± 0.1 ± 0.1 MeV , Γ = 0.8± 0.2± 0.1 MeV ,
Ωc(3066) :M = 3065.6 ± 0.1 ± 0.3 MeV , Γ = 3.5± 0.4± 0.2 MeV ,
Ωc(3090) :M = 3090.2 ± 0.3 ± 0.5 MeV , Γ = 8.7± 1.0± 0.8 MeV ,
Ωc(3119) :M = 3119.1 ± 0.3 ± 0.9 MeV , Γ = 1.1± 0.8± 0.4 MeV . (1)
There have been several assignments for those new charmed states. In Ref.[8], the Ωc(3066)
and Ωc(3119) are assigned to be the 2S Ω
0
c states with J
P = 12
+
and 32
+
, respectively.
In Ref.[9], possible assignments of those Ω0c states to be the P-wave baryon states with
JP = 12
−
, 32
−
and 52
−
are discussed. In Refs.[10, 11, 12], the Ωc(3000), Ωc(3050), Ωc(3066),
Ωc(3090) and Ωc(3119) are assigned to be the P-wave baryon states with J
P = 12
−
, 12
−
,
3
2
−
, 32
−
and 52
−
, respectively. In Ref.[13], those Ω0c states are assigned to be the pentaquark
1E-mail:zgwang@aliyun.com.
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states or molecular pentaquark states with JP = 12
−
, 32
−
or 52
−
. In Ref.[14], the Ωc(3000),
Ωc(3050), Ωc(3066) and Ωc(3090) are assigned to be the P-wave baryon states with J
P =
1
2
−
, 32
−
, 32
−
and 12
−
, respectively. In Ref.[15], the Ωc(3090) and Ωc(3119) are assigned to
be the 2S Ω0c states with J
P = 12
+
and 32
+
, respectively, while the Ωc(3000), Ωc(3066)
and Ωc(3050) are assigned to be the P-wave baryon states with J
P = 12
−
, 32
−
and 52
−
,
respectively.
In this article, we tentatively assign the Ωc(3000), Ωc(3050), Ωc(3066), Ωc(3090) and
Ωc(3119) to be the P-wave baryon states with J
P = 12
−
, 12
−
, 32
−
, 32
−
and 52
−
, respectively,
and study their masses and pole residues with the QCD sum rules in details.
The ground state quarks have the spin-parity 12
+
, two quarks can form a scalar diquark
or an axialvector diquark with the spin-parity 0+ or 1+, the diquark then combines with
a third quark to form a positive parity baryon with spin 12 or
3
2 . We can construct the
baryon currents η and ηµ with positive parity without introducing additional P-wave.
As multiplying iγ5 to the baryon currents changes their parity, the currents iγ5η and
iγ5ηµ couple potentially to the negative parity heavy baryon states. In Refs.[4, 5], we
construct the currents without introducing relative P-wave to study the negative parity
heavy, doubly-heavy and triply-heavy baryon states, and obtain satisfactory results. The
predictions M = 2.98± 0.16GeV for the Ω0c states with JP = 12
−
, 32
−
are consistent with
the masses of the Ωc(3000), Ωc(3050), Ωc(3066), Ωc(3090) from the LHCb collaboration
[4].
In Ref.[16], we construct the interpolating currents by introducing the relative P-wave
explicitly, study the negative parity charmed baryon states Λc(2625) and Ξc(2815) with
the full QCD sum rules, and reproduce the experimental values of the masses. In this
article, we extend our previous work to study the Ωc(3000), Ωc(3050), Ωc(3066), Ωc(3090)
and Ωc(3119) with QCD sum rules by introducing the relative P-wave explicitly.
The article is arranged as follows: we derive the QCD sum rules for the masses and
pole residues of the Ω0c states in Sect.2; in Sect.3, we present the numerical results and
discussions; and Sect.4 is reserved for our conclusions.
2 QCD sum rules for the Ω0c states
In the following, we write down the two-point correlation functions Π(p), Πµν(p), Πµναβ(p)
in the QCD sum rules,
Π(p) = i
∫
d4xeip·x〈0|T {J(x)J¯(0)} |0〉 ,
Πµν(p) = i
∫
d4xeip·x〈0|T {Jµ(x)J¯ν(0)} |0〉 ,
Πµναβ(p) = i
∫
d4xeip·x〈0|T {Jµν(x)J¯αβ(0)} |0〉 , (2)
2
where J(x) = J1(x), J2(x), Jµ(x) = J
1
µ(x), J
2
µ(x),
J1(x) = iεijk
[
∂µsTi (x)Cγ
νsj(x) + s
T
i (x)Cγ
ν∂µsj(x)
]
gµν ck(x) ,
J2(x) = iεijk
[
∂µsTi (x)Cγ
νsj(x) + s
T
i (x)Cγ
ν∂µsj(x)
]
σµν ck(x) ,
J1µ(x) = iε
ijk
[
∂αsTi (x)Cγ
βsj(x) + s
T
i (x)Cγ
β∂αsj(x)
]
(g˜µαγβ − g˜µβγα) γ5ck(x) ,
J2µ(x) = iε
ijk
[
∂αsTi (x)Cγ
βsj(x) + s
T
i (x)Cγ
β∂αsj(x)
]
(
gµαγβ + gµβγα − 1
2
gαβγµ
)
γ5ck(x) ,
Jµν(x) = iε
ijk
[
∂µs
T
i (x)Cγνsj(x) + ∂νs
T
i (x)Cγµsj(x) + s
T
i (x)Cγν∂µsj(x)
+sTi (x)Cγµ∂νsj(x)
]
ck(x) , (3)
g˜µν = gµν− 14γµγν , the i, j, k are color indices, the C is the charge conjugation matrix. We
construct the currents with the light diquarks Siµν = ε
ijk
[
∂µs
T
i Cγνsj + s
T
i Cγν∂µsj
]
. The
Siµν have two Lorentz indices µ and ν, but they are neither symmetric nor anti-symmetric
when interchanging the indices µ and ν. The scalar components Siµνg
µν and Siµνσ
µν couple
potentially to the spin-0 diquarks. The Dirac matrixes g˜αµγν− g˜ανγµ and gαµγν+gανγµ−
1
2g
µνγα are anti-symmetric and symmetric respectively when interchanging the indices µ
and ν, the vector components Siµν (g˜
αµγν − g˜ανγµ) and Siµν
(
gαµγν + gανγµ − 12gµνγα
)
couple potentially to the spin-1 diquarks. The symmetric components Siµν + S
i
νµ couple
potentially to the spin-0 and 2 diquarks. So we choose the currents J(x), Jµ(x) and Jµν(x)
to study the spin-12 ,
3
2 and
5
2 baryon states, respectively.
The currents J(0), Jµ(0) and Jµν(0) couple potentially to the
1
2
−
, 12
+
, 32
−
and 12
−
, 32
+
,
5
2
−
charmed baryon states B−1
2
, B+1
2
, B−3
2
and B−1
2
, B+3
2
, B−5
2
, respectively,
〈0|J(0)|B−1
2
(p)〉 = λ−1
2
U−(p, s) , (4)
〈0|Jµ(0)|B+1
2
(p)〉 = f+1
2
pµU
+(p, s) ,
〈0|Jµ(0)|B−3
2
(p)〉 = λ−3
2
U−µ (p, s) , (5)
〈0|Jµν(0)|B−1
2
(p)〉 = g−1
2
pµpνU
−(p, s) ,
〈0|Jµν(0)|B+3
2
(p)〉 = f+3
2
[
pµU
+
ν (p, s) + pνU
+
µ (p, s)
]
,
〈0|Jµν(0)|B−5
2
(p)〉 = λ−5
2
U−µν(p, s) . (6)
On the other hand, the currents J(0), Jµ(0) and Jµν(0) couple potentially to the
1
2
+
, 12
−
,
3
2
+
and 12
+
, 32
−
, 52
+
charmed baryon states B+1
2
, B−1
2
, B+3
2
and B+1
2
, B−3
2
, B+5
2
, respectively
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[19, 20],
〈0|J(0)|B+1
2
(p)〉 = λ+1
2
iγ5U
+(p, s) , (7)
〈0|Jµ(0)|B−1
2
(p)〉 = f−1
2
pµiγ5U
−(p, s) ,
〈0|Jµ(0)|B+3
2
(p)〉 = λ+3
2
iγ5U
+
µ (p, s) , (8)
〈0|Jµν(0)|B+1
2
(p)〉 = g+1
2
pµpνiγ5U
+(p, s) ,
〈0|Jµν(0)|B−3
2
(p)〉 = f−3
2
iγ5
[
pµU
−
ν (p, s) + pνU
−
µ (p, s)
]
,
〈0|Jµν(0)|B+5
2
(p)〉 = λ+5
2
iγ5U
+
µν(p, s) . (9)
The spinors U±(p, s) satisfy the Dirac equations (6p −M±)U±(p) = 0, while the spinors
U±µ (p, s) and U
±
µν(p, s) satisfy the Rarita-Schwinger equations (6p −M±)U±µ (p) = 0 and
(6p −M±)U±µν(p) = 0, and the relations γµU±µ (p, s) = 0, pµU±µ (p, s) = 0, γµU±µν(p, s) = 0,
pµU±µν(p, s) = 0, U
±
µν(p, s) = U
±
νµ(p, s). The λ
±
1
2
/ 3
2
/ 5
2
, f±1
2
/ 3
2
and g±1
2
are the pole residues or
current-baryon coupling constants.
At the phenomenological side, we insert a complete set of intermediate charmed baryon
states with the same quantum numbers as the current operators J(x), iγ5J(x), Jµ(x),
iγ5Jµ(x), Jµν(x) and iγ5Jµν(x) into the correlation functions Π(p), Πµν(p) and Πµναβ(p)
to obtain the hadronic representation [17, 18]. After isolating the pole terms of the lowest
states of the charmed baryon states, we obtain the following results:
Π(p) = λ−1
2
2 6p+M−
M2− − p2
+ λ+1
2
2 6p−M+
M2+ − p2
+ · · · , (10)
Πµν(p) = λ
−
3
2
2 6p+M−
M2− − p2
(
−gµν + γµγν
3
+
2pµpν
3p2
− pµγν − pνγµ
3
√
p2
)
+λ+3
2
2 6p−M+
M2+ − p2
(
−gµν + γµγν
3
+
2pµpν
3p2
− pµγν − pνγµ
3
√
p2
)
+f+1
2
2 6p+M+
M2+ − p2
pµpν + f
−
1
2
2 6p−M−
M2− − p2
pµpν + · · · , (11)
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Πµναβ(p) = λ
−
5
2
2 6p+M−
M2
−
− p2
[
g˜µαg˜νβ + g˜µβ g˜να
2
− g˜µν g˜αβ
5
− 1
10
(
γµγα +
γµpα − γαpµ√
p2
− pµpα
p2
)
g˜νβ
− 1
10
(
γνγα +
γνpα − γαpν√
p2
− pνpα
p2
)
g˜µβ + · · ·
]
+λ+5
2
2 6p−M+
M2+ − p2
[
g˜µαg˜νβ + g˜µβ g˜να
2
− g˜µν g˜αβ
5
− 1
10
(
γµγα +
γµpα − γαpµ√
p2
− pµpα
p2
)
g˜νβ
− 1
10
(
γνγα +
γνpα − γαpν√
p2
− pνpα
p2
)
g˜µβ + · · ·
]
+f+3
2
2 6p+M+
M2+ − p2
[
pµpα
(
−gνβ +
γνγβ
3
+
2pνpβ
3p2
− pνγβ − pβγν
3
√
p2
)
+ · · ·
]
+f−3
2
2 6p−M−
M2− − p2
[
pµpα
(
−gνβ +
γνγβ
3
+
2pνpβ
3p2
− pνγβ − pβγν
3
√
p2
)
+ · · ·
]
+g−1
2
2 6p+M−
M2
−
− p2 pµpνpαpβ + g
+
1
2
2 6p−M+
M2+ − p2
pµpνpαpβ + · · · , (12)
where g˜µν = gµν − pµpνp2 . In calculations, we have used the following summations [21],∑
s
UU = (6p+M±) , (13)
∑
s
UµUν = (6p+M±)
(
−gµν + γµγν
3
+
2pµpν
3p2
− pµγν − pνγµ
3
√
p2
)
, (14)
∑
s
UµνUαβ = (6p+M±)
{
g˜µαg˜νβ + g˜µβ g˜να
2
− g˜µν g˜αβ
5
− 1
10
(
γµγα +
γµpα − γαpµ√
p2
− pµpα
p2
)
g˜νβ
− 1
10
(
γνγα +
γνpα − γαpν√
p2
− pνpα
p2
)
g˜µβ − 1
10
(
γµγβ +
γµpβ − γβpµ√
p2
− pµpβ
p2
)
g˜να
− 1
10
(
γνγβ +
γνpβ − γβpν√
p2
− pνpβ
p2
)
g˜µα
}
, (15)
and p2 =M2± on the mass-shell.
We can rewrite the correlation functions Π(p), Πµν(p) and Πµναβ(p) into the following
form according to Lorentz covariance,
Π(p) = Π 1
2
(p2) , (16)
Πµν(p) = Π 3
2
(p2) (−gµν) + · · · , (17)
Πµναβ(p) = Π 5
2
(p2)
gµαgνβ + gµβgνα
2
+ · · · . (18)
In this article, we choose the tensor structures gµν and gµαgνβ + gµβgνα for analysis, and
separate the contributions of the 32
±
and 52
±
charmed baryon states unambiguously. For
detailed discussions on this subject, one can consult Ref.[20].
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We obtain the hadronic spectral densities at phenomenological side through the dis-
persion relation,
ImΠj(s)
pi
= 6p
[
λ−j
2
δ
(
s−M2−
)
+ λ+j
2
δ
(
s−M2+
)]
+
[
M−λ
−
j
2
δ
(
s−M2−
)−M+λ+j 2δ (s−M2+)] ,
= 6p ρ1j,H(s) + ρ0j,H(s) , (19)
where j = 12 ,
3
2 ,
5
2 , the subscript H denotes the hadron side, then we introduce the weight
function exp
(− s
T 2
)
to obtain the QCD sum rules at the phenomenological side,∫ s0
m2c
ds
[√
sρ1j,H(s) + ρ
0
j,H(s)
]
exp
(
− s
T 2
)
= 2M−λ
−
j
2
exp
(
−M
2
−
T 2
)
, (20)
where the s0 are the continuum thresholds and the T
2 are the Borel parameters [20].
At the QCD side, we calculate the light quark parts of the correlation functions Π(p),
Πµν(p), Πµναβ(p) with the full light quark propagators in the coordinate space and take
the momentum space expression for the full c-quark propagator. It is straightforward
but tedious to compute the integrals both in the coordinate and momentum spaces to
obtain the correlation functions Πj(p
2), therefore the QCD spectral densities through the
dispersion relation,
ImΠj(s)
pi
= 6p ρ1j,QCD(s) + ρ0j,QCD(s) , (21)
where j = 12 ,
3
2 ,
5
2 , the explicit expressions of the QCD spectral densities ρ
1
j,QCD(s) and
ρ0j,QCD(s) are neglected for simplicity. In this article, we carry out the operator product
expansion up to the vacuum condensates of dimension 10 and take into account the vacuum
condensates 〈s¯s〉, 〈αsGGpi 〉, 〈s¯gsσGs〉, 〈s¯s〉〈s¯gsσGs〉, 〈s¯gsσGs〉2.
Once the analytical QCD spectral densities ρ1j,QCD(s) and ρ
0
j,QCD(s) are obtained, we
can take the quark-hadron duality below the continuum thresholds s0 and introduce the
weight function exp
(− sT 2 ) to obtain the QCD sum rules:
2M−λ
−
j
2
exp
(
−M
2
−
T 2
)
=
∫ s0
m2c
ds
[√
sρ1j,QCD(s) + ρ
0
j,QCD(s)
]
exp
(
− s
T 2
)
. (22)
We derive Eq.(22) with respect to 1
T 2
, then eliminate the pole residues λ−j and obtain
the QCD sum rules for the masses of the charmed baryon states,
M2− =
− dd(1/T 2)
∫ s0
m2c
ds
[√
sρ1j,QCD(s) + ρ
0
j,QCD(s)
]
exp
(− sT 2 )∫ s0
m2c
ds
[√
sρ1j,QCD(s) + ρ
0
j,QCD(s)
]
exp
(− s
T 2
) . (23)
3 Numerical results and discussions
The vacuum condensates are taken to be the standard values 〈q¯q〉 = −(0.24± 0.01GeV)3,
〈s¯s〉 = (0.8 ± 0.1)〈q¯q〉, 〈s¯gsσGs〉 = m20〈s¯s〉, m20 = (0.8 ± 0.1)GeV2, 〈αsGGpi 〉 = (0.33GeV)4
at the energy scale µ = 1GeV [17, 18, 22]. The quark condensate and mixed quark
6
condensate evolve with the renormalization group equation, 〈s¯s〉(µ) = 〈s¯s〉(Q)
[
αs(Q)
αs(µ)
] 4
9
,
〈s¯gsσGs〉(µ) = 〈s¯gsσGs〉(Q)
[
αs(Q)
αs(µ)
] 2
27
.
In the article, we take the MS masses mc(mc) = (1.275 ± 0.025)GeV and ms(µ =
2GeV) = (0.095± 0.005)GeV from the particle data group [1], and take into account the
energy-scale dependence of the MS masses from the renormalization group equation,
mc(µ) = mc(mc)
[
αs(µ)
αs(mc)
] 12
25
,
ms(µ) = ms(2GeV)
[
αs(µ)
αs(2GeV)
] 4
9
,
αs(µ) =
1
b0t
[
1− b1
b20
log t
t
+
b21(log
2 t− log t− 1) + b0b2
b40t
2
]
, (24)
where t = log µ
2
Λ2
, b0 =
33−2nf
12pi , b1 =
153−19nf
24pi2
, b2 =
2857− 5033
9
nf+
325
27
n2
f
128pi3
, Λ = 213MeV,
296MeV and 339MeV for the flavors nf = 5, 4 and 3, respectively [1].
In Refs.[23, 24], we study the acceptable energy scales of the QCD spectral densities
for the hidden-charm (bottom) tetraquark states and molecular states in the QCD sum
rules for the first time, and suggest an empirical formula µ =
√
M2X/Y/Z − (2MQ)2 to
determine the optimal energy scales, where the X, Y , Z denote the four-quark states,
and the MQ is the effective heavy quark mass. The empirical energy scale formula also
works well in studying the hidden-charm pentaquark states [20]. In Ref.[16], we use
the diquark-quark model to construct the interpolating currents, and take the analogous
formula µ =
√
M2Λc/Ξc −M2c to determine the energy scales of the QCD spectral densities
of the QCD sum rules for the charmed baryon states Λc(2625) and Ξc(2815), and obtain
satisfactory results. In this article, we use the formula µ =
√
M2Ωc −M2c to determine the
energy scales of the QCD spectral densities. If we take the updated value Mc = 1.82GeV
[25], then µ ≈ 2.5GeV. In calculations, we set the energy scales of the QCD spectral
densities to be µ = 2.5GeV.
Now we search for the Borel parameters T 2 and continuum threshold parameters s0
to satisfy the following three criteria:
1· Pole dominance at the phenomenological side;
2· Convergence of the operator product expansion;
3· Appearance of the Borel platforms.
In calculations, we observe that no stable QCD sum rules can be obtained for the
current J2(x). The resulting Borel parameters T 2, continuum threshold parameters s0,
pole contributions and perturbative contributions (per) are shown explicitly in Table 1,
where the perturbative contributions are defined by
per =
∫ s0
m2c
ds ρper(s) exp
(− s
T 2
)∫ s0
m2c
ds ρtot(s) exp
(− sT 2 ) , (25)
the ρper(s) and ρtot(s) denote the perturbative and total QCD spectral densities, respec-
tively. From the Table, we can see that the criteria 1 and 2 can be satisfied.
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currents T 2(GeV2)
√
s0(GeV) pole perturbative
J1 1.8 − 2.2 3.6± 0.1 (43 − 73)% (95− 99)%
J1µ 1.8 − 2.2 3.6± 0.1 (42 − 73)% (100 − 104)%
J2µ 1.9 − 2.3 3.6± 0.1 (43 − 72)% (100 − 102)%
Jµν 2.4 − 2.8 3.7± 0.1 (42 − 66)% (94− 96)%
Table 1: The Borel parameters T 2, continuum threshold parameters s0, pole contributions
(pole) and perturbative contributions (perturbative).
currents JPjl M(GeV) λ(10
−1GeV4) assignments
J1 12
−
0
3.05 ± 0.11 2.34 ± 0.50 Ωc(3050)
J1µ
3
2
−
1
3.06 ± 0.11 1.03 ± 0.23 Ωc(3066/3090)
J2µ
3
2
−
2
3.06 ± 0.10 2.47 ± 0.47 Ωc(3066/3090)
Jµν
5
2
−
2
3.11 ± 0.10 1.07 ± 0.17 Ωc(3119)
Table 2: The masses M , pole residues λ and possible assignments of the charmed baryon
states, where the jl denotes the total angular momentum of the light degree of freedom.
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Figure 1: The masses of the charmed baryon states with variations of the Borel parameters
T 2, where the (1) and (2) correspond to the currents J1µ and J
2
µ, respectively.
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Figure 2: The pole residues of the charmed baryon states with variations of the Borel
parameters T 2, where the (1) and (2) correspond to the currents J1µ and J
2
µ, respectively.
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JPjl This Work [4] [26] [27] [28] [29] [30] [31]
1
2
−
0
3.05 ± 0.11 3.011 2.977 3.035 3.055
1
2
−
1
2.98 ± 0.16 2.990 ± 0.129 3.028 2.990 3.125 2.966
3
2
−
1
3.06 ± 0.11 2.98 ± 0.16 3.056 ± 0.103 3.08 ± 0.12 2.976 2.986 3.054
3
2
−
2
3.06 ± 0.10 2.993 2.994 3.029
5
2
−
2
3.11 ± 0.10 2.947 3.014 3.051
Table 3: The masses of the P-wave Ωc baryon states, where the unit is GeV, the jl denotes
the total angular momentum of the light degree of freedom. We neglect the mixing effects
of the 12
−
0
− 12
−
1
and 32
−
1
− 32
−
2
in the potential quark models for simplicity.
We take into account all uncertainties of the relevant parameters, and obtain the values
of the masses and pole residues of the Ω0c baryon states, which are shown in Figs.1-2 and
Table 2. In Figs.1-2, we plot the masses and pole residues with variations of the Borel
parameters at much larger intervals than the Borel windows shown in Table 1. In the Borel
windows, the uncertainties originate from the Borel parameters in the Borel windows are
very small, δMΩc/MΩc = (1.2 − 1.6)%, the criterion 3 is also satisfied. The three criteria
are all satisfied, we expect to make reliable predictions. In Figs.1-2 and Table 2, we also
present the possible assignments of the Ω0c states according to the masses.
In Ref.[4], we choose the currents without introducing relative P-wave to study the
negative parity heavy and doubly-heavy baryon states, and obtain the predictions M =
2.98 ± 0.16GeV for the Ω0c states with JP = 12
−
, 32
−
, where the diquark constituent
εijksTj Cγµsk is taken to construct the currents. Multiplying iγ5 to the baryon currents
changes their parity, we can choose currents without introducing relative P-wave to study
the P-wave baryon states. The current εijksTj Cγµskγ
µck couples potentially to the Ω
0
c
state with JP = 12
−
[4], the mass of the Ωc(3000) is in excellent agreement with the
prediction M = 2.98 ± 0.16GeV [4] or the prediction M = 2.990 ± 0.129GeV based on
a more general interpolating current with additional parameter [26], the Ωc(3000) can be
assigned to the P-wave charmed baryon state with JP = 12
−
, where two s quarks are in
relative S-wave. In Table 3, we present some predictions for the masses of the P-wave
Ω0c baryon states from the full QCD sum rules [4, 26, 27] and potential quark models
[28, 29, 30, 31]. We cannot identify a baryon state unambiguously with the mass alone, it
is necessary to study the decay widths of those P-wave baryon states with the QCD sum
rules. In Ref.[26], Agaev, Azizi and Sundu study the masses and widths of the 1P 12
−
, 32
−
and 2S 12
+
, 32
+
Ω0c baryon states with the full QCD sum rules, and assign the Ωc(3000),
Ωc(3050) and Ωc(3119) to be the Ω
0
c baryon states with the quantum numbers (1P,
1
2
−
),
(1P, 32
−
) and (2S, 32
+
), respectively, and assign the Ωc(3066) or Ωc(3090) to be the Ω
0
c
baryon state with the quantum numbers (2S, 12
+
).
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4 Conclusion
In this article, we assign the Ωc(3000), Ωc(3050), Ωc(3066), Ωc(3090) and Ωc(3119) to be
the P-wave charmed baryon states with JP = 12
−
, 12
−
, 32
−
, 32
−
and 52
−
, respectively, and
study their masses and pole residues with the QCD sum rules in details by introducing an
explicit relative P-wave between the two constituents of the light diquarks. The predictions
support assigning the Ωc(3050), Ωc(3066), Ωc(3090) and Ωc(3119) to be the P-wave baryon
states with JP = 12
−
, 32
−
, 32
−
and 52
−
, respectively, where the two constituents of the light
diquark are in relative P-wave; while the Ωc(3000) can be assigned to the P-wave charmed
baryon state with JP = 12
−
, where the two constituents of the light diquark are in relative
S-wave.
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